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Description 

This invention relates to engine nfionitoring apparatus for detecting abnormal start conditions of a gas-tur- 
bine engine Including a sensor for deriving a first signal indicative of spool speed, and a sensor for deriving a 
5 second signal Indicative of engine temperature. 

During start-up procedures of a gas-turbine engine, the pilot or flight engineer (where the engine is in an 
aircraft) monitors a number of instruments giving details of various engine characteristics, such as N 1 and N 
2 spool speeds, exhaust gas temperature EGT, and fuel flow. It is important for the engine operation to be 
carefully monitored during start-up because gas-turbine engines can be prone to abnormal or 'hof starts which 
10 can lead to irreparable damage to an engine at a cost of up to about one million pounds. Some aircraft operators 
experience several such hot starts each year. 

It will be appreciated that, at the time of starting the engine, the flight crew are faced with many other tasks 
as well as monitoring for hot starts. With some engines it can take up to a minute for the engine to start and 
for the risk of hot start to be passed. The detection of hot start relies on the flight crew's ability accurately to 
15 assess the instrument readings, to remember the various limits of operation that may be Indicative of a hot 
start and to identify exceedance of these limits and take appropriate action. The flight crew's ability to do this 
whilst undertaking other activities can be restricted. 

It is an object of the present invention to provide engine monitoring apparatus and methods that can be 
used to detect abnormal start conditions in gas-turbine engines. 
20 According to one aspect of the present Invention there is provided engine monitoring apparatus of the 
above-specified kind, characterised in that the apparatus includes a processor that receives the first and sec- 
ond signals, and that the processor nrK)nitors the dynamic relationship between the first and second signals 
such as to detenmine when the relationship is indicative of an abnormal start condition, and signals in real time 
an indication of such abnonrnal start condition. 
25 The apparatus may include a sensor for deriving a third signal indicative of fuel flow. The apparatus may 
■ : include a display that provides a visual display of spool speed and engine temperature or fuel flow. The proc- 
.essor preferably signals an abnormal start condition on a visual display such as by flashing the visual display 
^such as the visual display or engine temperature. ... . . 

Where the apparatus is for an aircrBft engine, the apparatus may include a sensor that provides a fourth 
30 signal indicative of whether the aircraft Is on the ground or in the air, .the processor receiving the fourth signal 
and utilising the fourth signal in determining when the relationship is indicative of abnbnnal start conditions. 

The sensor for provkJing the fourth signal may include an air speed sensor and or alternatively a sensor 
for sensing pressuris on the aircraft undercarriage. * • ,/ 

in this way, the user of the engine can be alerted to a possible abnormal start condition, enabling him to 
35 take remedial action, with a reduced risk of such an abnormal start condition being overlooked. 

Monitoring apparatus for an aircraft gas turbine-engine, and its method of operation, in accordance with 
the present invention, will now be described, by way of example, with reference to the accompanying drawings, 
in which 

Figure 1 shows the apparatus schematically; and 

40 Figure 2 is a flow chart illustrating operation of the apparatus. 

With reference to Figure 1, the monitoring apparatus Is Included within an otherwise conventional engine 
display system, indicated generally by the numeral 1. The system 1 has a front display panel 2 with various 
light-emitting diode display regions 3 to 7 on which are displayed respectively engine pressure ratio EPR, spool 
speed N 1. engine exhaust gas temperature EGT. spool speed N 2 and fuel flow. Each of the display regions 

45 3 to 7 is duplicated on the panel 2 in order to enable information about two gas-turbine engines to be displayed 
stde-by-side. 

Each of the display regions 3 to 7 is driven by respective driver unit 13 to 17 which receive inputs from 
respective sensors 23 to 27 associated with each engine and process the sensor outputs into a suitable form 
for driving the display regions. 
so The outputs from the driver units 1 5 to 1 7 providing the EGT, N2 and fuel flow information are also supplied 
to a processing unit 20. The processing unit 20 also receives input signals from an outside air temperature 
detector 21 and from a flight/ground detector 22 (this may, for example, be an undercarriage pressure switch 
or an airspeed detector). 

The processing unit 20 includes a memory store 28 in which is stored a model of the nonnal relationship 
55 between temperature EGT and spool speed N 2 at different fuel flows and outside air temperatures. Different 
models may be employed according to whether the engine is on the ground or in the air, this being indicated 
by the output of the detector 22. 

The processing unit 20 monitors the dynamic relationship between engine temperature EGT, fuel fuel and 
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spool speed N 2, comparing this against the model stored in the store 23« In particular the processing unit 20 
derives a signal representing the rate of change of engine temperature. Generally, the temperature tracks tur- 
bine speed, an increase in EGT being accompanied by an increase in N 2. if the processing unit 20 detects 
that these operational conditions fall outside those of the stored model, it signals this in real time to the flight 
5 crew by supplying a signal on line 35 to the appropriate EGT dteplay driver 1 5, according to the engine that is 
malfunctioning, to cause the display region 5 to flash. It is also possible to supply a signal to a separate alarm 
30, such as an audible alarm or an indicator on a separate anunciator panel. The flashing of the display region 
5 causes it to become conspicuous to the flight crew, even if the display panel is not viewed directly because, 
in the parafoveal region of the eye a changing image is more readily noticeable. 
10 With reference to Figure 2, there is illustrated steps in the operation of the processing unit 20. The algorithm 
used in the PROCESS step is unique to each type of engine and can be provided the engine manufacturer. 
In general It will be necessary to generate first derivatives of the spool speeds N1 , N2, N3 although derivatives 
of other engine or aircraft parameters may be needed for some algorithms. Examples of parameters utilised 
in the algorithm are shown as FUEL FLOW, E6T/ITT (inter turbine temperature), OIL TEMPERATURE, OIL 
15 PRESSURE, OIL QUANTITY, N1 , N2. N3, N°1 , N^2 and, N^3. It may not be necessary to use all of these para- 
meters, or additional parameters may be needed for other algorithms. Limits are set according both to prede- 
termined absolute levels and to levels determined by the PROCESS step. One or more COMPARISON steps 
are performed and if the limits are exceeded, an abnormal start signal is generated. 

In some applications of gas-turbine engines, the detection of an abnormal start could be used to interrupt 
20 fuel flow automatically to the engine. This, however, is considered generally undesirable in aircraft applications 
where engine shut-down can be dangerous. 

An example of a state-of-the art system may be found in patent document US-A-4 350 008. 
An abnormal start condition is one which eventually increases the probability of damage or distress to the 
engine. In some circumstances, abnornnal start conditions can occur but the engine continues to start. This 
25 may not lead to immediate failure of the engine but can lead to increased fatigue and thereby reduce its safe 
operating life. The apparatus of the present invention enables abnormal start conditions to be detected at an 
early stage, before damage or distress is caused to the engine. 
. . In addition to the detection of 'hot starts' the processing unit 20 can be anranged to detect other abnormal 
• . start conditions, such as a 'hung start*. Because different engines operate in different ways the rrionitoring ap- 
30 paratus may function in different ways, although, in general the processing unh wlll.'need to receive inputs in- 
dicative of engine temperature, fuel flow and spool speed. " ; ,1 

The processing unit 20 need not be a separate unit but could, for example, be provided by a part of the 
processing capability of one or more of the display driver units 1 3 to 1 7. The display driver units 13 to 1 7 them- 
selves could be provided by a single unit with a multiplexed output 

35 

Claims 

1 . Engine monitoring apparatus for detecting abnormal start conditions of a gas-turbine engine Including a 
40 sensor for deriving a first signal indicative a spool speed, and a sensor for deriving a second signal indi- 
cative of engine temperature, characterised in that the apparatus includes a processor (20) that receives 
the first and second signals, and that the processor (20) monitors the dynamic relationship between the 
first and second signals such as to detemnine when the relationship is indicative of an abnormal start con- 
dition, and a visual display (2) for signalling in real time a visual indication of such abnormal start condition, 

45 the monitoring apparatus having no control over the engine. 

2. Engine monitoring apparatus according to Claim 1 , characterised in that the apparatus includes a sensor 
for deriving a third signal indicative of fuel flow. 

so 3. Engine monitoring apparatus according to Claim 1 or 2, characterised in thatthe visual display (2) provides 
a visual display of spool speed, and engine temperature or fuel flow. 

4. Engine monitoring apparatus according to any of the preceding claims, characterised in that abnormal 
start condition is signalled by flashing the visual display (2). 

55 

5. Engine monitoring apparatus according to Claim 4, characterised in that abnormal start condition is sig- 
nalled by flashing the visual display of engine temperature. 
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6. Engine monitoring apparatus according to any one of the preceding claims, characterised in that the proc- 
essor (20) derives an indication of the rate of change of engine temperature. 

7. Engine monitoring apparatus for an aircraft engine according to any one of the preceding claims, char- 
5 acterised in that the apparatus includes a sensor that provides a fourth signal indicative of whether the 

aircraft is on the ground or in the air, and that the processor (20) receives the fourth signal and utilises 
the fourth signal in determining when the relationship is indlcath/e of abnormal start conditions. 

8. Engine monitoring apparatus according to Claim 8. characterised in that the sensor for providing the fourth 
10 signal includes an air speed sensor. 

9. Engine monitoring apparatus according to Claim 7 or 8, characterised in that the sensor for providing the 
fourth signal includes a sensor for sensing pressure on the aircraft undercarriage. 

15 

Patentanspruche 

1. Motoruberwachungsapparat zum Erfassen abnormaier Startbedingungen eines Gasturbinenmotors, der 
einen Sensor zur Ableitung eines ersten Signals, das die Rotordrehzahl anzeigt, und einen Sensor zur 

20 Abieitung eines zweiten Signals, das die Motortemperatur anzeigt, umfallt, dadurch gekennzefchnet, 

daR der Apparat einen Prozessor (20) umfaBt, der die ersten und zweiten Signaie empfangt und dad der 
Prozessor (20) die dynamische Beziehung zwischen den ersten und zweiten Signalen uberwacht, um zu 
bestimmen, wann die Beziehung auf eine abnormale Startbedingung hinweist und eine visuelle Anzeige 
(2) umfal^t, um in Realzeit eine visuelle Anzeige einer solch abnormalen Startbedingung zu signalisieren, 

25 wobei der Uberwachungsapparat keine Kontrolle uber den Motor hat 

2. Motoruberwachungsapparat nach Anspruch 1 , dadu rch gekennzeichnet, da& der Apparat einen Sensor 
zur Ableitung eines dritten Signals umfa&t, das auf den Kraf tstoffdurchf tu& hinweist 

30 . 3. Motoruberwachungsapparat nach Anspruch 1 Oder 2, dadurch gekennzeichnet, da& eine visuelle An- 
zeige (2) fur eine visuelle Anzeige der Rotordrehzahl, und der Motortemperatur oder des Kraf tstoffdurch- 
flusses vorgesehen ist 

4. Motoruberwachungsapparat nach einem der vorhengehenden Anspruche, dadurch gekennzeichnet, 
35 da& die abnormale Startbedingung durch Blinken der visuellen Anzeige (2) signalisiert wird. 

5. Motoruberwachungsapparat nach Anspruch 4, dadurch gekennzeichnet, da& die abnormale Startbedin- 
gung durch Blinken der visuellen Anzeige der Motortemperatur signalisiert wird. 

40 6. Motoruberwachungsapparat nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, 
dad der Prozessor (20) eine Anzeige der Anderungsgeschwindigkeit der Motortemperatur liefert 

7. Motoruberwachungsapparat fur einen Flugzeugmotor nach einem der vorhergehenden Anspruche, da- 
durch gekennzeichnet, da& der Apparat einen Sensor umfaBt, der ein viertes Signal liefert, welches dar- 

45 auf hinweist, ob das Flugzeug sich auf Grund oder in der Luft bef indet und dal^ der Prozessor (20) das 

vierte Signal empfangt und das vierte Signal dazu benutzt, um zu bestimmen, wann die Beziehung auf 
abnormale Startbedingungen hinweist 

8. Motoruberwachungsapparat nach Anspruch 8, dadurch gekennzeichnet, da& der Sensor zur Erzeugung 
50 des vierten Signals einen Fluggeschwindigkeitssensor umfa&t 

9. Motoruberwachungsapparat nach Anspruch 7 oder 8, dadurch gekennzeichnet daft der Sensor zur Er- 
zeugung des vierten Signals einen Sensor zum Erfassen des Drucks am Flugzeugfahrgestell umfa&t 

55 

Revendications 

1. Dispositif de surveillance de moteur pour dStecter des conditions anormales de ddmarrage d'un moteur 
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d turbine d gaz comportant un capteur pour d^livrer un premier signal indicatif d'une vitesse d'arbre et 
un capteur pour d^livrer un second signal indicatif d'une temperature du moteur, caract^ris^ en ce que 
le dispositif comporte une unit6 de traltement (20) qui revolt le premier et le second signal et qui surveilie 
la relation dynamlque entre le premier et le second signal de maniSre d determiner quand la relation est 
Indicative d'une condition anormate de d6marrage, et un aff Ichage visuel (2) pour dSlivrer en temps r6el 
une indication visuelle d'une telle condition anormale de dSmanrage, le dispositif de surveillance n'exer- 
gant pas de commande sur le moteur. 

Dispositif selon la revendication 1, caracterisS en ce qu*il comporte un capteur pour dSlivrer un troisieme 
signal Indicatif d'un debit de carburanL 

Dispositif selon la revendication 1 ou 2, caracterise en ce que Taff ichage visuel (2) donne une indication 
visuelle de vitesse d'arbre, et de temperature du nrK>teur ou de debit de carburant 

Dispositif selon Tune des revendications precedentes. caracterise en ce que la condition anormale de de- 
manrage est signaiee par un dlgnotement de I'aff ichage visuel (2). 

Dispositif selon la revendication 4, caracterise en ce que la condition anormale de demarrage est signaiee 
par clignotement de Taff ichage visuel de la temperature du moteur. 

Dispositif selon I'une des revendications precedentes, caracterise en ce que Tunite de traltement (20) de- 
livre une indication du taux de variation de la temperature du moteur. 

Dispositif de surveillance d'un moteur d'aeronef selon I'une des revendications precedentes, caracterise 
en ce qu'il comporte un capteur qui deiivre un quatrieme signal indiquant si I'aeronef est au sol ou en I'air, 
et en ce que Tunite de traltement (20) revolt le quatrieme signal et rutilise pour determiner si ladite relation 
est indicative de conditions anormales de demarrage. 

Dispositif selon la revendication 8, caracterise en ce que le capteur deiivrant le quatrieme signal comporte 
; un capteur de Vitesse de I'air. , . ; . ^ 

Dispositif selon la revendication 7 ou 8, caracterise en ce que le capteur deiivrant le quatrieme signal 
comporte un capteur sensible d une pression sur le train d'atterrissage de I'aeronef. 


EP 0 322 158 B1 



6 


EP 0 322 158 B1 


Fig.2 
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